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Drilling fluids are fluids that are made from the mixture of natural and 
synthetic chemical compounds (Fadairo et al., 2012).  It is an important component 
in drilling operation because it is used to cool and lubricate the drill bit, clean the 
well, carry cuttings to the surface, control formation pressures and improve the 
function of drill strings and tools in the hole. Drilling fluids can be divided into two 
types: water based mud (WBM) and oil based mud (OBM). The usage of these two 
types of mud are dependent on the drilling and formation needs as well as the 
requirements for disposition of the drilling fluids after it is no longer needed. Usually 
nowadays, most drilling operation is using diesel as base oil for OBM. 
 The usage of diesel oil based mud will lead to environmental problem 
especially marine environment in offshore drilling operation. This is because of the 
toxicity of certain aromatic compounds found in diesel based mud. In offshore 
applications, tighter environmental regulations are forcing the transport of diesel 
based oil to shore or the development of special cuttings-handling equipment.  Low 
toxicity oil-based mud should be produced in order to avoid the environmental 
problems.  
Many researches had been conducted to find good oil in order to replace 
diesel oil.  Various bio-diesel oils had been introduced to substitute diesel based oil 
in drilling fluids. Some basic considerations are needed to be concern in choosing a 
drilling fluid. For example, a good drilling fluid should have the pour point and 
viscosity as low as possible and a high flash point above the maximum temperature 
of the well.   
 This project is mainly about oil based mud (OBM). Basically, the proposal 
discusses the basic understanding of the chosen topic, which is the study of castor oil 
as Base oil in OBM. In order to find substitute for diesel oil, castor oil is being used 
as the base oil.   This project will involve some lab works to test the rheological 
properties and elastomeric effects in order to identify the sustainability of as an 
alternative of biodiesel oil to replace diesel oil in drilling fluids.  
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ABBREVIATIONS AND NOMENCLATURES 
 
HPHT   High pressure high temperature  
T-1   Testing of mud samples no 1 for HPHT system  
ppg   Pound per gallon  
ASTM  American Standard Testing Method  
PPM   Parts per million  
RPM   Revolutions per minute  
API   American Petroleum Institute  
OWR   Oil Water Ratio  
wt %   Weight percent  
SG   Specific Gravity 
ES   Electrical Stability 
OBM  Oil based mud 
WBM   Water based mud 
  




   INTRODUCTION 
1.1     Background of study  
During drilling operation, the drilling fluids known as drilling mud is 
circulated from the reserves tank called mud tank trough the arrangement of 
pipes and drilling tubes into the wellbore. Drilling fluids are being circulated 
into the wellbore by using a special pump installed on the surface called as 
mud pump.  
Drilling fluids are fluids that are made from the mixture of natural and 
synthetic chemical compounds. It is an important component in drilling 
operation because it is used to cool and lubricate the drill bit, clean the well, 
carry cuttings to the surface, control formation pressures and improve the 
function of drill strings and tools in the hole. Drilling fluids can be divided 
into two types: water based mud (WBM) and oil based mud (OBM). Oil 
based mud (OBM) have is most widely used (oil field chemical book, chapter 
1). 
In general, OBM are drilling fluids which have oil as their dominant 
or continuous phase. A typical OBM composition are clay and sand about 
3%, salt about 4%, barite 9%, water 30% and oil 50-80%. OBM are base on 
non aqueous drilling fluid (NAF) that is distilled from crude oil; they include 
diesel, mineral oils and refined linear paraffin (LPs) (Drilling Fluid 
processing handbook, 2005). OBM is widely used because of their distinct 
advantages over water based mud. For example, thermal stability in deep and 
high temperature wells, increased lubricity in deviated offshore wells, hole 
stability in thick and water sensitive shale, corrosion inhibition, tolerance of 
contamination , borehole stability and ease of maintenance.  OBM have a 
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whole lot of advantages because of its various desirable rheological 
properties that oils exhibit. In history, since 1930s, it has been recognized 
better productivity is achieved by using oil rather than water as the drilling 
fluid.  The basic kind of oil used in formulating OBM is the diesel oil, which 
has been in existence for a long time, but over the years, diesel oil based mud 
have posed various environmental problems. This is due to high toxicity and 
aromatic contents exposure to the people and environment.  
In response to the harmful effects of diesel oil on the environment, 
researches and surveys have gone on in the past two to three decades, and 
have come up with mud formulations based on the use of plant oils or also 
called vegetable oil as diesel substitutes. Nowadays, plant oil is rapidly 
becoming popular in the raw materials market for diesel substitutes. 
Normally, plant oil that being used as based oil in drilling fluids are first 
converted into biodiesel oil. This biodiesel oil is then being used as based oil 
in oil based mud. Linear Alkyl Benzene (LAB) is blended together with the 
plant oil to change the oil into straight vegetable oil (SWO). Castor oil is the 
alternative oil used in this project to substitute diesel oil in drilling fluids.  
Castor oil is harmless to environment since it has low aromatic content and 
less toxic. Even though it is harmless but castor oil properties need to be 
measured. This is done to measure sustainability of castor oil to replace diesel 
in drilling fluids. These properties are being measured by doing experiments 
and testing in laboratory.  
1.2     Problem statements  
OBM has been used in drilling operation for ages. Commercially used 
OBM is diesel oil based mud. Diesel oil gives good advantages to drilling 
operation but at the same time it gives certain bad advantages. Diesel oil is 
very harmful to environment since it has high aromatic content and high 
toxicity (Setyawan, W.,et al, 2011) 
By having an alternative oil to be used in drilling fluid, it might help 
in reducing the environmental problems caused by diesel oil. Thus, plant oil 
is a good alternative to diesel oil and castor oil might be the suitable plant oil 
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to replace diesel oil. Castor oil can be a potential biodiesel oil to be use 
because it is produced locally, it can be grown either as pure crop in rotation 
with wheat, linseed etc. and the comparative advantages of castor is that its 
growing period is short. However castor oil is distinguished by its high 
content (over 85%) of ricinoleic acid. It also has high fatty hydroxyacids, 
high molecular weight (298), low melting point (5°c) and most of all for 
highest and stable viscosity of any plant oil.  
Castor oil will be tested in order to prove the reliability, if it is 
environmental friendly and economical alternative to replace diesel oil in 
drilling fluids. The rheological properties of castor will be measured and 
tested with various tests.  
1.3    Objectives 
The objectives of this study are: 
1. To measure the rheological properties of castor oil. 
2. To identify if castor oil is a good oil to be use as continuous phase in oil 
based mud.  
1.4    Scope of study 
The research will involve in the understanding of oil based mud. The 
study of this project can be broken down to the identification of the 
appropriate biodiesel oil to be use as continuous phase in oil based mud and 
the method of studying and evaluating properties of the formulated mud.  
The scope of study is mainly about studying the rheological properties 
of castor oil. The study will be divided into two stages;  
 
1. Involve the basic properties of the Castor oil and determining an ideal 
formulation to be developed.  
 
2. To focus on experimental work in the lab to see the effectiveness of castor 
oil as base fluid in OBM.  




            LITERATURE REVIEW AND THEORY 
2.1    Castor Oil 
Castor oil is colorless or pale yellowish oil extracted from the seeds of 
the castor oil plant, Castor (Ricinus communis L) is cultivated around the 
world because of the commercial importance of its oil. The Indian variety of 
castor seed has an oil content of 48% and 42% can be extracted. Castor grows 
well under hot and humid tropical conditions and has a growing period of 4 to 
5 months. Castor oils unsaturated bond, high molecular weight (298), low 
melting point (5°C) and very low solidification point (−12°C to −18°C) make 
it industrially useful, most of all for the highest and most stable viscosity of 
any vegetable oil (Shrirame et al, 2011). Castor oil is a new alternative for 
plant-oil based mud that is potential to be developed locally, environmentally 
friendly, and able to meet the standard requirement of OBM. Castor oil has 
specific gravity (SG) of 0.958-0.968 (diesel oil has SG of 0.84 in 60° F (API, 
1998) and viscosity of 9.5-11 centipoise in 68°F (Jamieson, 1943). However, 
regardless of its country of origin or season in which it was grown, its 
chemical composition remains relatively constant as shown in Table 1. Like 
other vegetable oil, castor oil is a triacylglycerol composed of various fatty 
acids and glycerol. Castor oil is distinguished by its high content (over 85%) 
of ricinoleic acid. No other vegetable oil contains so high a proportion of 
fatty hydroxyacids and varying small amounts of saturated and unsaturated 
fatty acids. The high content of ricinoleic acid is the reason for the high value 
of castor oil and its versatile application possibilities in the chemical industry. 
The physical properties of the vegetable oil are shown in Table 2. Castor oil 
has multipurpose usage, such as in the manufacturing of a number of 
industrial chemicals like surfactants, specialty soaps, surface coatings, 
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cosmetics and personal care products, pharmaceuticals, etc (Shrirame et al, 
2011). In some tropical countries, castor oil has been used as a lubricant for 
heavy machines such as locomotives (Jamieson, 1943). 
Table 1 Castor oil chemical properties 
Fatty Acid Percentage 
Ricinoleic Acid  89.5 % 
Linoleic Acid  4.2 % 
Oleic Acid 3 % 
Stearic Acid 1 % 
Palmitic Acid − 1%  1 % 
Dihydroxystearic Acid  0.7 % 
Linolenic Acid  0.3 % 
Eicosanoic Acid  0.3 % 
 










Density  Acid 
value  
Glycerol  
Castor 961 268 61.9  993 0.022 4.12 
Cotton 
seed  
85.0 43.7 23.2 951 7.073 18.40 
Groundnut 91.8 41.4 27.6 942 3.185 5.43 
Moringa 
Oil 
53.7 39.1 21.7 919 22.754 11.47 
Rubber  
seed 
44.0 39.9 33.0 920 10.814 4.00 
Soya Bean  74.1 35.8 30.7 950 0.669 5.50 
Sunflower 78.9 45.6 24.7 953 2.124 7.64 
Petroda 
diesel 
22.8 12.3 8.53 879 4..17 
x10-4 
0.70 
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2.2    Typical Extraction of oil from Oilseeds Oilseed extraction  
Kg of oil from 100 kg of oilseed (Shrirame et al, 2011) 






2.3    Yield Comparison of Castor oil with other Plant Oil Biodiesel  
Crop oil in Liters per hectare. (Shrirame et al, 2011)  







2.4    Biodiesel 
Biodiesel oil can be defined as medium length (C16 to C18) chains of 
fatty acids, and is comprised mainly of mono-alkyl fatty acid esters (Forero, 
Biodiesel from castor oil: a promising fuel for cold weather). It is said that 
biodiesel having an advantage of being non-toxic, biodegradable and 
essentially free of sulphur and carcinogenic ring components. Many 
researches had been done in order to use vegetable oil as an alternative to 
diesel oil. Even though, biodiesel has numerous advantages it too has some 
drawbacks. At low temperatures, biodiesel turns into wax crystals.  
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2.4.1    Cold Flow properties  
During low temperature operations, cloud point and pour point are 
very important parameters that need to be take care off. Pour point is the 
temperature at which the amount of wax out of solution is sufficient to gel the 
oil. It is also indicate the lowest temperature at which the oil can flow. While 
cloud point is means the temperature at which wax first become visible when 
the fuel is cooled.  
2.4.2    Bio-Diesel Produced from castor oil  
The major problem associated with the use of pure vegetables oils as 
biodiesel is caused by high viscosity (Shrirame et al, 2011). Due to Castor oil 
high viscosity and low volatility, dilution, micro-emulsification, pyrolysis and 
transesterification are the four techniques applied to solve the problem 
encountered. Transesterification is a promising solution to these problems. 
This process involves chemical conversion of the oil to its corresponding fatty 
ester and thus biodiesel.   
2.4.3    Biodiesel Based Drilling Fluids  
Biodiesel is synthesized by interesterification. Oil crops, wild-bearing 
crops, engineering micro algae, vegetable oil, fats and hogwash oil can be used 
as the raw materials of interesterification. Biodiesel is renewable and can 
replace mineral diesel. The main component is fatty acid methyl ester (FAME). 
The biodiesel has maximum moisture content of 30%-45%, relative density of 
0.8724-0.8886 (Dong Fang, 2012), good lubrication performance, 
environmental friendly, low sulphur content, low sulfur oxide and sulfides, 
emission, biodegradation is high up to 98% which is twice the mineral diesel, 
it can reduce accidental leakage pollution (SunPing, 2002), good safety 
performance, high flash point, good in health, safety and environment issue. In 
the preparation of ethyl ester (biodiesel), five distinct stages will be involved 
(Shrirame et al, 2011);  
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1) Heating of oil.  
2) Preparation of alkaline mixture.  
3) Adding of alkaline alcohol to oil and stirring the mixture.  
4) Settling of separation of glycerol.  
5) Washing of ethyl ester with water.  
2.4.4     Rheological Behavior of Biodiesel Based Drilling Fluid  
Rheological behavior of biodiesel was considered at room 
temperature and compared to white oil. Apparent viscosity (AV), plastic 
viscosity (PV), and yield point (YP) of white oil, biodiesel oil, aged oil and 
aged biodiesel are being observed. The viscosity of biodiesel is lower than 
white oil, which is advantageous to the preparation of high density drilling 
fluid. The deviation of the viscosity of biodiesel before and after aging is 
smaller than white oil, which indicates good stability of biodiesel at high 
temperature, so biodiesel can be used as base oil of drilling fluids for drilling 
operation at high temperature reservoir and formation.  
 
Biodiesel not only exceeds the performances of normal oil-based 
drilling liquids but shows excellent environmentally compatibility as well. It 
is said to be environmentally friendly because it contain low sulfur content, 
without aromatic alkenes, easily biodegradable. Besides, biodiesel has good 
safety performance like high flash point and not hazardous. On the other hand, 
biodiesel is renewable which is in line with the strategy of sustainable 
development (ChenXiu, 2010).  
2.5    Base Fluid Properties  
There are certain requirements to identify whether the oil can be use 
as base fluid in drilling fluid. The requirements are as follows; 
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2.5.1     Kinematic Viscosity 
It should be as low as possible. This allows the oil based mud to be 
formulated at lower oil/water ratio and gives better rheology (lower plastic 
viscosity) especially at lower mud temperature. 
2.5.2    Flash Point 
It should be greater than 100°F. Higher flash point will minimize fire 
hazards as less hydrocarbon vapors is expected to generate above the mud 
flash point.  
2.5.3    Pour Point 
 It should be lower than the ambient temperature to allow pump ability 
of mud from storage tanks (http://en.wikipedia.org/wiki/Pour_point, 2013) 
2.5.4    Non-toxic and low aromatic content 
 Base oil should have total aromatic hydrocarbon content of less than 
5%. It should be non-acutely toxic in a standard 96 hr LC 50 toxicity test, 
performed using 100% water soluble fraction of the base 
2.6    Rheological Study  
 Rheology is the study of the deformation and flow matter (ASME 
Shale Shaker Committee, 2005). Rheology of fluids in the well is the 
relationship between the flow rate and the pressure required to maintain the 
flow rate (either in pipe or annulus). The relationships between these 
properties will affect circulating pressures, surge and swab pressures and hole 
cleaning ability. In this project, the rheological study comprises of plastic 
viscosity, yield point, electric stability and gel strength. Each study is so 
significant to choose a better base fluid.  
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2.6.1    Plastic Viscosity  
Viscosity is a measure of the resistance of a fluid which is being 
deformed by either shear stress or tensile stress.   In everyday terms (and for 
fluids only), viscosity is "thickness" or "internal friction". Thus, water is 
"thin", having a lower viscosity, while honey is "thick", having a higher 
viscosity. Simply, the less viscous the fluid the greater its ease of movement 
(Keith, S. 1971). Plastic viscosity relates to the resistance to flow due to 
interparticle friction. The friction is affected by the amount of solids in the 
mud, the size and shape of those solids and the viscosity of the continuous 
liquid phase.  
 
Readings are taken from viscometer. Using the formula below to get Plastic 
Viscosity; 
 
Plastic Viscosity, PV= [600rpm Reading] – [300 rpm Reading] 
  
Unit: centipoises, cp  
 
Normally, the higher the mud weight, the higher the PV will be. 
(Jetjongjit, R. 2010). However, if you have an increasing trend of PV without 
mud weight change, it means that there is an increase in ultra-fine drill solid 
content in the mud system. Moreover, if you use oil base mud, please keep in 
mind that emulsified water in oil base drilling fluid will act like a solid, and it 
will increase the PV dramatically. 
2.6.2    Yield Point  
Yield point estimates the portion of the total viscosity that comes from 
attractive forces between particles suspended in the mud. (Chilingarian et.al) 
 
Yield Point, YP = [300rpm Reading] – PV 
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In oil-based mud, increase of YP can be cause by; 
1. Drill solid – YP will be higher if high drill solid present 
2. YP will be high in low temperature environment.  
2.6.3    Electric Stability  
The electric stability (ES) of an oil-based drilling fluid mud is a 
property related to its emulsion stability and oil-wetting capability. ES is 
determined by applying a voltage ramped sinusoidal electrical signal across a 
pair of parallel flat-plate electrodes immersed in the mud. The resulting 
current remains low until a threshold voltage is reached, whereupon the 
current rises very rapidly. Maximum voltage that the mud will sustain across 
the gap before conducting current is displayed as the ES voltage (SPE 
Drilling & Completion 9, no. 1, 1994). Specification value: > 600volts  
2.6.4    Gel Strength  
The gel strength is the shear stress of drilling mud that is measured at 
low shear rate after the drilling mud is static for a certain period of time 
(Jetjongjit, R. 2010) but they routinely measured after 10 seconds (initial gel 
strength) and 10 minutes. Gel strength are determined in two-speed direct-
indicating viscometer by slowly turning the driving wheel on top of the 
instrument by hand and observing the maximum deflection before the gel 
breaks. Gel strength also can be measured with a rheometer or shearometer 
(canon, F. 1999). 
Specification value;  
Gel 10sec: 10 – 20 lb/100ft2  
Gel 10min: 20 – 40 lb/100ft2 
2.6.5    Viscosity  
Viscosity of fluids defined as the resistance of fluids to flow. 
Viscosity measured in the unit of poise which is equivalent to dyne-sec/cm2. 
One poise represents a high viscosity; therefore the general unit that 
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represents the fluid is centipoise. A centipoise is equivalent to 1/100 poise or 
1 millipascal-second. This property of fluids is significant in hole cleaning to 
control the settling rate of drill cuttings generated by the drill bit through 
moving fluid and bring them up to the surface.  
There are two main apparatus that the author has utilized in the 
laboratory which are marsh funnel and direct indicating viscometer. Marsh 
funnel is a simple device for routine measurement of drilling fluids viscosity. 
The viscosity measured through this apparatus is known as funnel viscosity. 
The Marsh funnel is dimensioned so that the outflow time of one quart 
freshwater (946 cm³) at a temperature of 70° ± 5°F (21° ± 3°C) is 26 ± 0.5 
seconds. Thus, fluid which records a time more than 26 ± 0.5 seconds using 
the marsh funnel is more viscous compared to freshwater and vice versa.  
2.6.6    Filtration  
Filtration control is one of the main factors considered essential in 
drilling. Filtration measures the relative amount of fluid loss through 
permeable formations or membranes when subjected to pressure. Thus, it is 
important to minimize the filtrate invasion to the formations. When drilling 
permeable formations, filtration rate is often the most important property 
where the hydrostatic pressure exceeds the formation pressure. Proper control 
of filtration improves the borehole stability chemically. This is because 
controlling the fluid loss minimizes the potentially detrimental interaction 
between the filtrate and the formation. Filtrate invasion may be controlled by 
the type and quantity of colloidal material and by filtration control materials.  
2.6.7    Elastomers  
Oil based drilling fluids can chemically alter the properties of 
elastomers used in drilling equipment, severely affecting life and function. 
The products affected include O-ring, blowout preventers (BOPs), pulsation 
dampeners, downhole mud motors and drilling bits. This study centers on the 
effects of selected environmentally safe Castor oil based mud on elastomers 
and logging tools.  




The performance of elastomers in Castor oil drilling fluid is strongly 
dependent upon fluid chemistry, operating temperature and the type of 
elastomer chosen for service. Caution and testing have to be done when 
selecting environmentally safe drilling fluids and compatible elastomers.  
2.6.8    Density Measurement  
Based oil samples expand as increase in temperature under condition 
of isobaric, while decrease in thermal expansion with increase of pressure 
under isothermal condition (Azrai, R. 2010). Blended vegetable oil with 
mineral oil is proved to me more tolerance at High Pressure High 
Temperature scenario and it could be good and suitable candidate for drilling 
mud. On the other hand, mineral based oil is more compressible compared to 
blended vegetable oil. In addition, blended vegetable oil is more renewable 
and sustainable resource. 
2.7    Environmentally Safety Indication of Drilling Fluid  
An acute toxicity test (96-h, LC50) is of the measuring test to evaluate 
the toxicity of diesel based fluids using Mysidopsis bahia (Sunde, E. 1991). 
The results have shown that LC50 values close to 2,000 ppm are toxic 
according to US Environmental Protection Agency mud and cutting discharge 
regulation (EPA) (Reis, J. 1996). In contrast, drilling fluids formulated with 
mineral oil showed LC50 of 1,000,000 ppm, which is considered as non- 
toxic under the EPA criteria. The difference is due to the high toxicity of the 
aromatic hydrocarbons present in diesel (G. Sáchez et al, 1999). 
2.7.1    Toxicity Test  
Median lethal concentration (LC50) value is the concentration of 
toxicant that kills 50% of the tested organism in a given exposure time. The 
suspended particulate phase, SPP, was obtained from the drilling fluids and 
used for toxicity test on marine shrimp and estuarine fish, both are marine 
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organisms. High LC50 values correspond to low toxicity levels and vice 
versa. Drilling cuttings were also tested following the same procedure of 
LC50 in order to compare their toxicity levels before and after the application 
of the bioremediation method. 
2.7.2     Biodegradation Tests  
According to OEDC protocols aerobic biodegradability test was done 
by testing the biochemical oxygen demand (BOD) for poorly soluble 
substances (OEDC Guidelines, 1992). The closed bottle test measures the 
BOD and express biodegradation as a percentage of the chemical oxygen 
demand of the substance (COD). Glucose used as reference compound. 
Dissolved oxygen was measured in triplicate bottles once per week. It is 
considered that an organic compound is readily biodegradable when the 
biodegradation reaches 60% within 10 days after achieving an initial 10% of 
biodegradation, but it must end before day 28 of the testing period (OEDC 
Guideline, volume 2) 
 




  METHODOLOGY 
3.1    Research Methodology 
 
Figure 1 General Methodology Flow chart 
Title Selection  
• Selection of the most appropriate final year project title  
PreliminarySearch 
• Understanding fundamental theories and concept of castor oil properties 
as  alternative for oil based mud 
Experimental 
Setup 
• Selection and design of experimental materials and laboratory procedures 
Experimental 
Work 
• Viscosity reduction of Castor oil, mud formulation and Rheologycal study 
Analysis of result 
• Identifying the suitablity of Castor oil to be usedas based fluid in drilling 
operation as oil base  mud 
• Analysis of the Rheologycal test result as well as the compability of Castor 
oil based mud with Elastomers 
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3.2    Addition of Methyl-benzene (Toluene) to Castor oil as simple viscosity 
reduction process  
 
The most common methods used to reduce oil viscosity in the 
Biodiesel industry are called transesterification. The problem with the 
transestrification refining method is that it is relatively expensive and 
produces a quantity of glycerin byproduct that has to be processed again 
before it has any value. The final fuel product has detergent qualities that can 
clean out existing fuel tanks and the resulting debris is prone to clog fuel 
filters for a while. So, to reduce oil viscosity in a less expensive and much 
lesser time consuming way, addition of solvent preferably Alkyl-benzene are 
need to be done. This is because addition of Alkyl-benzene reduces the 
density of the oil and thus decreases the oil viscosity. The purpose of making 
a solvent blended bio fuel is to thin the resulting blended oil to near the 
viscosity of diesel oil and reduce its gel-point. The resulting solution should 
be a uniform solution without precipitates. Vegetable oils are an attractive 
renewable source for alternative diesel fuels. However, the relatively high 
kinematic viscosity of vegetable oils must be reduced to make them more 
compatible with conventional compression-ignition engines and fuel systems. 
Co solvent blending is a low-cost and easy-to-adapt technology that reduces 
viscosity (and gel point) by diluting the vegetable oil with a low-(molecular 
weight solvent), which is in our case is Methyl-benzene (Toluene).  
Blending methods vary; however, the most common method of 
making Blended Bio fuels Diesel (BBD) is to blend the solvent with the 
source vegetable oil because blending solvents with vegetable oils has three 
basic functions. Blending reduces the viscosity of the source oil, reduces its 
gel-point, and tends to force water, and other contaminants, out of solution. 
This means that thinned oil will drop its contaminant load much more quickly 
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3.3     Mud Formulation of Base Fluid  
Before rheology test being conducted, mud formulation should be 
done for each base fluid that going to be tested. Table below shows the mud 
formulation for Castor oil and Saraline/diesel oil. 
Table 5 Mud composition 
Composition Test 1  Test 2 Test 3  Test 4  Test 5 
Saraline 185v  183.6 - - - - 
Castor oil  230.14 138.084 92.056 46.028 
Toluene - - 92.056 138.084 184.112 
VERSAPRO lb/bbl 8 8 8 8 8 
VERSAGEL lb/bbl  7 7 7 7 7 
VERSATROL, lb/bbl 8 8 8 8 8 
Water, bbl 59 67.31 67.31 67.31 67.31 
CaCL2 20.9 12.64 12.64 12.64 12.64 
Mil-Bar, lb/bbl 129.46 1.88 1.88 1.88 1.88 
Lime, lb/bbl 4 4 4 4 4 
 
3.4    Determination of drilling fluid density (rheology) 
Principle 
A procedure is given for determining the density. The density of 
drilling fluid is expressed as grams per cubic centimeter, kilograms per cubic 
meter, pounds per gallon or pounds per cubic foot. Equipment used to 
measure the mud density is called MUD BALANCE 
 
Procedure 
1 The instrument base should be set on a flat, level surface. 
2 Measure the temperature of the drilling fluid and record. 
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3 Fill the clean, dry cup with drilling fluid to be tested; put the cap on the 
filled drilling-fluid holding cup and rotate the cap until it is firmly seated. 
Ensure that some of the drilling fluid is expelled through the hole in the cap, 
in order to free any trapped air or gas. 
4 Holding the cap firmly on the drilling-fluid holding cup (with cap hole 
covered), wash or wipe the outside of the cup clean and dry. 
5 Place the beam on the base support and balance it by moving the rider along 
the graduated scale. Balance is achieved when the bubble is under the 
centerline. 
6 Read the drilling fluid density at the edge of the rider toward the drilling-
fluid cup. Make appropriate corrections when a range extender is used. 
 
Below is the picture of mud balance 
 
Figure 2 Mud Balance 
3.5    Viscosity and gel strength (rheology) 
Principle 
Viscosity and gel strength are measurements that relate to the flow 
properties (rheology) of drilling fluids. Equipment use for this test is 
Viscometer. The following instruments are used to measure viscosity and/or 
gel strength of drilling fluids: 
a) Marsh funnels — a simple device for indicating viscosity on a routine 
basis; 
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b) direct-indicating viscometer — a mechanical device for measurement of 
viscosity at varying shears rates. 
3.5.1    Determination of viscosity using the Marsh funnel 
Procedure 
1. Cover the funnel orifice with a finger and pour freshly sampled drilling 
fluid through the screen into the clean, upright funnel. Fill until fluid reaches 
the bottom of the screen. 
2. Remove finger and start the stopwatch. Measure the time taken for mud to 
fill in the cup. 
3. Measure the temperature of the fluid, in degrees Celsius (degrees 
Fahrenheit). 
3.5.2    Determination of viscosity and/or gel strength using a direct-indicating 
viscometer 
Procedure 
1. Place a sample of the drilling fluid in a thermostatically controlled 
viscometer cup. Leave enough empty volume (approximately 100 cm3) in the 
cup for displacement of fluid due to the viscometer bob and sleeve. Immerse 
the rotor sleeve exactly to the scribed line. Measurements in the field should 
be made with minimum delay from the time of drilling fluid sampling. 
Testing should be carried out at the maximum recommended operating 
temperature is 90 °C (200 °F). If fluids have to be tested above this 
temperature, either a solid metal bob, or a hollow metal bob with a 
completely dry interior should be used. 
 
2. Heat (or cool) the sample to the selected temperature. Use intermittent or 
constant shear at 600r/min to stir the sample while heating (or cooling) to 
obtain a uniform sample temperature. After the cup temperature reaches the 
selected temperature, immerse the thermometer into the sample and continue 
stirring until the sample reaches the selected temperature. Record the 
temperature of the sample. 
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3. With the sleeve rotating at 600rpm, wait for the viscometer dial reading to 
reach a steady value (the time required is dependent on the drilling fluid 
characteristics). Record the dial reading R600 in Pascal for 600rpm 
 
4. Reduce the rotor speed to 300 rpm and wait for the dial reading to reach 
steady value. Record the dial reading R300 in Pascal for 300 rpm. 
  
5. Stir the drilling fluid sample for 10 s at 600 rpm. 
 
6. Allow drilling fluid sample to stand undisturbed for 10 s. slowly and 
steadily turn the hand-wheel in the appropriate direction to produce a positive 
dial reading. Record the maximum reading as the initial gel strength. For 
instruments having a 3 rpm speed, the maximum reading attained after 
starting rotation at 3 rpm is the initial gel strength. Record the initial gel 
strength (10-second gel) in pounds per 100 square feet. 
   
7. Re-stir the drilling fluid sample at 600 rpm for 10 s and then allow the 
drilling fluid to stand undisturbed for 10 min. repeat the measurements as in 6 
and report the maximum reading as the 10- minute gel in Pascal 
Below is the picture of viscometer 




Figure 3 Viscometer 
3.6    Required tools 
3.6.1    Equipments  
1. Multi Mixer 
2. FANN model 35 
3. HTHP filter press 
4. Electric Stability Meter 
5. Basic equipment in lab such as beaker, separator funnel and thermometer 
3.6.2    Consumables 
1. Crude castor oil, Saline, Diesel 
2. VERSATROL 
3. VERSAPRO P/S 
4. VERSAGEL HTHP 
5. Lime 
6. Brine (Water + CaCl2) 
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3.7    Gantt chart  










































Getting The Mud  Formulation 
done 
              
Acquire additive required 
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-Emulsion Stability test 
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Final Report documentation               
Final Presentation                
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3.8    Milestones 
Table 7 Milestones 
No. Activities Date 
1 Complete methodology identification and 




2 Submission of Proposal Defense Report  
 
Week 7 
3 Proposal Defense (Oral presentation)  
 
Week 9 
5 Submission of Interim Draft Report  
 
Week 14 
6 Submission of Interim Report  
 
Week 14 
 Complete with determination of mud 
system formulation  
 
Week 15 
7 Complete acquiring the additives required  
 
Week  17 
8 Done with rheological properties, emulsion 
stability and filtration characteristics test on 
HPHT mud system  
 
Week 25 
10 Final report submission (draft)  
 
Week 26 








                RESULT AND DISCUSSION 
4.1    Rheology Test Results  
The discovery of the new potential alternative will be proven through the 
laboratory work. The suitability of Castor oil as the continuous oil phase in 
drilling fluids during drilling operation can be determined from the output of the 
result analysis.  
Table 5 consist the result of rheology test on Saraline oil based mud and 
castor oil based mud. Its shows the readings for Plastic viscosity, Yield point, 
Gel strength; Electrical stability and HTHP filter press From the table, T-1 until 
T-5 indicates the following; 
Test 1 = Saraline Oil 
Test 2 = Castor Oil 
Test 3 = 60% Castor oil 40% Toluene  
Test 4 = 40% Castor oil 60% Toluene 
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Products T-1 T-2 T-3 T-4 T-5 
600 rpm dial reading 60  300+ 190  202  39  
300 rpm dial reading 41  300+  117  144  26 
200 rpm dial reading 22  -  89  121  21 
100 rpm dial reading 16  -  60  99  16 
6 rpm dial reading 9  -  23  67  10 
3 rpm dial reading 7  -  25  64  10 
Plastic viscosity, cP 19  -  97  58  13 
Yield point, lb/100ft2 22  -  38  86  13 
10" gel strength, lb/100ft2 10  -  24  62  11 
10' gel strength, lb/100ft2 13  -  27  61  11 
HTHP (500psi, 350 °F), ml 1.6 - 1.5 1.7 1.3 
HTHP (Filter cake), mm 2 - 1.2 1.3 1.0 
Electrical Stability 652 - 589 703 907 
Figure 5 Graph of Plastic Viscosity vs. type of mud 
Figure 4 Graph of Yield Point vs. type of mud 
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Plastic viscosity relates to the resistance to flow due to interparticle friction. The 
friction is affected by the amount of solids in the mud, the size and shape of those solids 
and the viscosity of the continuous liquid phase. Figure 1 and 2 shows, the plastic 
viscosity (PV) and yield point (YP) for each tests.  From the figures it can be seen that, 
the value of plastic viscosity (PV) and Yield point (YP) for castor oil are higher than 
Saraline oil base mud except for test 1(T-1)  and test 5, (T-5).T-1 cannot shows invalid 
reading due to the use 100 percent castor oil. 100 percent castor oil will make the 
drilling fluid thicker, thus showing invalid reading. While, T-5 shows low PV and YP 
than T-3and T-4, this is due to the diluted castor oil. Approximately 184g of toluene is 
used in T-5 as the solvent in assisting castor oil dilution. The amount of toluene used is 
considered high for a dilution process. A good candidate for a drilling fluid is to have 
low PV but high YP. In oil-based mud, increase of YP can be cause by; 
1. Drill solid – YP will be higher if high drill solid present 
2. YP will be high in low temperature environment.  
In oil base mud system, please keep in mind that emulsified water in oil base drilling 
fluid will act like a solid, and it will increase the PV dramatically. 
If according to the assumption, castor oil seems like not suitable for base oil in 
drilling fluid but castor oil has the criteria of a based fluid. .  Therefore, it can be treated 
further to be used commercially as a base fluid in drilling operation. More experiments 
and further tests should be conducted in order to determine the effectiveness of this 








Figure 6 Graph of gel strength vs. type of mud 
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As for Gel Strength result, we can see that from figure 3, T-5 have the value of 
13lb/100ft
2
 for both times taken and it is the lowest value compared to the T-3 and T-4. 
This value is considered to be good since it is not too low and it is not too high. If the 
mud formulated has high gel strength, high pump pressure is required in order to break 
circulation after the mud is left static for a certain period of time (Jetjongjit, R. 2010). 
So, mud with low gel strength is much preferable. Thus from the graph mud from test 1 
and test 5 are most likely preferable.   
 
Figure 7 Electrical Stability vs. type of mud 
Electrical stability (ES) is one of the vital properties of oil-based mud. It shows 
the voltage of the current flow in the mud. ES represents the number stability of the 
emulsion mud. A good emulsion mud will have high value of ES while on the other 
hand, if the emulsion is bad, the value of ES will be lower. This is because, oil based 
materials are not conductive.  Therefore it will not transfer any power. Only water phase 
in the mud will conduct electricity. For high value of ES means that, the oil is totally 
dispersed inside the water leaving water outside. From the figure 4, the highest value of 
ES is for test 5 which is 977 and the lowest value (neglecting test 2) is from test 3 which 
is 589. The specification value is > 600 volt. (SPE Drilling & Completion 9, no. 1, 
1994). 
 
T1 T2 T3 T4 T5






















Electrical Stability vs. Type of mud 




Figure 8 Filter cake thickness vs. type of mud 
HTHP filter press test is conducted to determine the filtrate volume and filter 
cake thickness. From figure 5 it shows that the highest thickness was for Saraline oil 
based mud which is 2mm and the lowest are from T-5. Thickness of filter cake is an 
important factor as thick cake may cause problems in the wellbore for example, stuck 
pipe, high torque and etc. Thickness of filter can vary this due to the effect of fluid loss 
control agent. As   for this experiment fluid control VERSATROL is being used.  
From this experiment, it can be seen that the using mineral oil as base fluid is 
still the best because its shows better rheology result and other tests. The reason why 
mineral oil is far better compare to vegetable oil is Saraline is specially engineered to be 
used for commercial purpose in drilling fluid. Therefore, it definitely will show a most 



















Type of test  
thickness  vs. Type of mud 
HTHP filter press
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4.2    Economic Analysis 
The cost of the drilling fluid is relatively small compared to the total cost of 
completing an oil well. Even though the cost it is small but choosing the right fluid and 
maintaining the right properties greatly influence the total well cost. Drilling can either 
cause lots of income or lots of losses; it is depend on every decision taken in the drilling 
and production processes. As for this project, castor oil is not suitable to be used as base 
fluid because of the price the oil and toluene. It can be considered expensive for a 
drilling fluid. This problem might be solved if new method of dilution is being used and 

















             CONCLUSION AND RECOMMENDATION 
5.1    Conclusion and recommendation 
The aim of the project is to identify if castor oil is a good oil to be used as 
continuous phase in oil based mud and thus reduce the environmental problem 
caused by diesel oil based mud.  The effectiveness of castor oil as a base fluid is 
achieved by comparison with conventionally used base oil.  
Some points are clearly pointed out from the comparative study that covered 
physical characteristics. 
1. Based on the rheology study, the PV of Saraline oil based mud is lower than 
the castor oil but addition of toluene minimized the gap. 
2. High amount of toluene is being added in order to dilute the castor oil. Which 
may cause harm to human since toluene are poisonous chemical. Proper 
safety act should be done while using the chemical.  
As for the recommendations in order to have better results, this project 
should use crude vegetable oil and not the vegetable oil that have being 
processed for commercial. This is because, crude vegetable oil have low water 
contain and this can reduce the emulsified water effect. Besides that, equipment 
and materials are also playing important role for a successful experiment. 
Reliable equipment should be used to reduce the human error and to get better 
results. 
 




1. Adesina Fadairo, Olugbenga Falode, Churchill Ako, Abiodun Adeyemi and 
Anthony Ameloko, (2012), Novel Formulation of Environmentally Friendly 
Oil Based Drilling Mud, chapter 3, pp. 49 
 
2.  Hemant Y. Shrirame, N. L. Panwar, B. R. Bamniya, (2011),  Bio Diesel from 
Castor Oil - A Green Energy Option 
 
3. Carmen Leonor Barajas Forero, Biodiesel from castor oil: a promising fuel 
for cold weather; Department of Hydraulic, Fluids and Thermal Sciences 
Francisco de Paula Santander University Avenida Gran Colombia No.12E-96 
Cucuta (Colombia), pp. 1-4 
 
4. Keith, S. (1971). Mechanics (Third Ed.). Addison-Wesley. ISBN 0-201-
07392-7. 
 
5. ASME Shale Shaker  Committee, (2005) Drilling Fluid processing handbook 
 
6. OEDC Guideline for testing of chemicals. 301 D Closed bottle test. Volume 
2 Paris. 
 
7. Bleier, Roger, M-1 Drilling Fluids Co. (1990), Selecting a Drilling Fluid, 
SPE 20986-PA 
 
8. Adil M. Osman Husen, remy Azrai. Density Measurement of Vegetable and 
Mineral Based Oil Used in Drilling Fluids. Annual SPE International 
Conference and Exhibition, August 2012, Calabar, Nigeria.  
 
9. A A. Hinds, S P T Smith and E K Morton, A Comparison of the performance, 
cost and environmental effects of diesel-based and low toxicity on Mud 
systems. SPE 11891/1. 
 UTP Final Year Project 2013 
32 
 
10. Sunde, E. Drilling fluids and environmental awareness, (1991). Drilling 
Fluids and environmental awareness, the fifth northern European Drilling  
Conference 5-6 November 
 
11. John Reis. (1996). the impact of drillings and production operations. In: 
Environmental Control in Petroleum Engineering.  Ch 3. 71-135 p. Gulf 
Publishing Company 
 
12. Rodríguez-Grau, J.; Esclapés, M.M. (Ed.), (1995) Protocolos estándares para  
bioensayos de toxicidad con especies acuáticas. Versión 1.0. Gerencia 
General de Tecnología. Gerencia de Ecología y Ambiente. INTEVEP - 
PDVSA. p. viii+109.  
 
13. U.S. Environmental Protection Agency, (1985) Methods for measuring the 
acute toxicity of effluents to freshwater and marine organisms. EPA/600/4-
85/013. 
 
14. Rand, G.M.; Petrocelli, S.R. (1985) Fundamentals of Aquatic Toxicology. 
Hemisphere Publishing Corporation. Washington. p. v+666. 
 




16. Canon, F. (1999). Drill Master: Drilling fluids Properties Available at: 
http://www.trenchlessonline.com/index [Accessed March 2013] 
 
 UTP Final Year Project 2013 
33 
 




18. Prakash, C.B. (1998). A critical Review of Biodiesel as a transportation Fuel 
in Canada. Environment Canada.  
 
19. Growcock FB, Ellis CF and Schmidt DD, (1994): Electrical Stability, 
Emulsion Stability, and wettability of invert Oil-Based Muds, SPE Drilling & 
Completion 9, no. 1. 
 
20. G. Sáchez; N. León, SPE; M. Esclapés; I. Galindo; A. Martínez; J. Bruzual; I. 
Siegert., (1999). Environmentally Safe Oil-Based Fluids for Drilling 
Activities. SPE 52739 
 
21. Yamana, K., Ueta, A. and Shinamoto, Y. (2001). Influence of physical and 
chemical properties of biodiesel fuels on injection, combustion and exhaust 
emission characteristics in a direct injection compression ignition engine. 
 
22. R.P. Badrak, Hydril Co. (1994). Effects of New Generation Drilling Fluids 
on Drilling Equipment Elastomers, IADC/SPE 27452 
 
23. Bieler, R., (1990). Selecting a Drilling Fluid.  SPE, M-I Drilling Fluids Co. 
 
24. Pour point. Available at: Http://en.wikipedia.org/wiki/Pour_point, [Accessed: 
February 2013] 
 
 UTP Final Year Project 2013 
34 
 
25. Demiral, B., Miska, S., Takach, N. (2007). Drilling Fluids Rheological and 
Volumetric Characterization under Downhole Conditions. SPE Latin 
America and Caribbean Petroleum Engineering Conference. 
 
26. Adil, M., Azrai, R. (2012). Density Measurement of Vegetable and Mineral 
Based Oil used in Drilling Fluids. Annual SPE international conference and 
exhibition.   
 
27. Wachid Setyawan, Adnan Syarafi Ashfahani, Kartika Fajarwati, Bonar 
Marbun, Robert Manurung, (2011). Alternative use of Castor oil for 
Vegetable oil-based mud environmentally friendly potential domestic oil-
based mud. IPA 11-E-015v. 
 

























































































 UTP Final Year Project 2013 
39 
 
APPENDIX5 
 
 
 
